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Summary. Trace amounts of sodium hypochlorite that remain on the surface 
of seeds (Lycopersicon esculentum Mill.) after sterilization interfere with subsequent 
uptake and incorporation of leucine into protein when the seeds are used in meta- 
bolic studies. The hypochlorite can be washed away with 0.01 N HC1 but not by 
washing several times with water. 

Sodium hypoch lor i t e  (NaOC1) is the  mos t  widely  used compound  for 
surface steri l izing seeds and  o the r  p l a n t  t issues before using t hem in 
biochemical  s tudies  (some recen t  examples :  Ernes t  and  Valdovinos,  1971 ; 
Ching, 1973 ; J ackson  and  Ingle,  1973 ; K h a n  et al., 1973; N a w a  and  Asahi,  
1973). Tissues usua l ly  are  soaked for several  minutes  in 0 .5-5% ~qaOC1 
and  then  washed  several  t imes  in water .  The effectiveness of this  t r ea t -  
m e n t  in e l iminat ing  seed-borne fungi  and  bac te r ia  is well  recognized,  
b u t  proof  t h a t  i t  does no t  affect  seed metabo l i sm is usua l ly  l imi ted  to  
demons t r a t i ng  t h a t  i t  does no t  reduce germinabi l i ty .  

W e  presen t  evidence t h a t  only  exhaus t ive  washing of the  seed wi th  
wa te r  can remove  the  NaOC1. The  t races  of NaOC1 which r ema in  a f te r  
usual  washing regimes interfere  wi th  u p t a k e  and  incorpora t ion  of leucine 
in to  prote in .  

Samples of 100 ~omate (Lycopersicon esculentum Mill., ev. Potomac) seeds were 
soaked at room temperature for 5 min in sterile water (control) or 1% NaOC1 (a 5.25- 
fold dilution of"  Clorox", Clorox Comp., Oakland, Calif.1). The solution was decant- 
ed and the hypochlorite was washed away by (a) washing the seeds 8 times each 
with 30 ml of sterile water (Table 1) ; (b) continuous flushing for several hours under 
running aerated distilled water (Table 2) ; or (c) soaking for 10 min in 30 ml of 0.01 N 
HC1 followed by washing 8 times with water (Table 3). The seeds were blotted on 
paper towels and incubated for 2 h at 25 ~ in respiration flasks with 3 ml of 5 • 10 -~ M 
leucine containing 0.6 izCi of [1-14C]leucine (New England Nuclear) plus 60 ~g 
penicillin G and streptomycin sulfate. Deearboxylation of leucine during 2 h in- 
cubation was determined by trapping the CO 2 in one drop of 14 N KOH, dissolv- 
ing the KOH in 1 ml of hyamine hydroxide, and measuring the radioactivity by 

1 Mention of trade names is made for identification purposes only and does not 
imply any endorsement by the United States Government. 
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Table 1. Removal of NaOC1 from the surface of tomato seeds by successive washing 
in water 

Sterilization or corre- 
sponding treatment 

Metabolism of [14C]leucine during subsequent 
incubation (dpm • 10-1/100 seed) 

Treat- No. of CO 2 TCA- TCA- Total 
ment washes released insol, sol. uptake 
(5 min) 

Incorporation 
into protein 
(% of uptake) 

H~O 0 18 258 2310 2568 10.05 
1% NaOC1 0 51927 232 665 897 25.86 
1% NaOC1 4 19 423 369 1384 1753 21.05 
i % NaOC1 8 16443 385 1827 2 212 17.41 

liquid scintillation (Bray, 1960). The seeds were then washed 4 times in cold water 
and ground in 10% trichloroacetie acid (TCA). Radioactivity in the protein frac- 
tion (TCA-insoluble) was determined following standard procedures (see Abdul-Baki 
and Anderson, 1973). The effect of seed sterilization and removal of NaOC1 on 
germinability was investigated by germinating samples of 100 seeds on paper 
towels in 10-cm Petri dishes at 25 ~ and 16 h light per day for 5 days. Only normal 
seedlings with well developed roots were considered as germinated. 

The  t race  amoun t s  of NaOC1 in the  incuba t ion  med ium which conta-  
ined  NaOCl - t r ea t ed  t o m a t o  seeds and  leucine h a d  two d is t inc t  effects 
on the  u p t a k e  and  incorpora t ion  of the  amino  ac id  in to  prote in .  The  f i rs t  
effect was t he  d e c a r b o x y l a t i o n  b y  NaOCI of leucine into  CO s (Tables  
1-3) and  o ther  p roduc t s  which we ident i f ied  as i sova le ra ldehyde  and  
isovaler ic  acid.  This r eac t ion  took  place  in t he  incuba t ion  m e d i u m  and  
was i n d e p e n d e n t  of the  presence  of seeds (Table 3). Thus,  t he  p roduced  
C09. was non-metabol ic .  Deca rboxy l a t i on  of leucine r educed  i ts  concentra-  
t ion  in the  incuba t ion  m e d i u m  and  resu l ted  in a r educed  con ten t  in t he  
free amino  acid  in the  seed (TCA-soluble f ract ions  in Tables  1-3). The  
second effect  was a s t imula t ion  of leucine incorpora t ion  into  p ro te in  in 
seeds d is infec ted  wi th  NaOC1. This  effect was de t ec t ab le  even when u p t a k e  
was severe ly  reduced,  and  the  difference was pa r t i cu l a r ly  obvious when  
compared  wi th  t r e a t m e n t s  where  NaOC1 was comple te ly  r emoved  e i ther  
b y  exhaus t ive  washing wi th  wa te r  or b y  tIC1 (TCA-insoluble f rac t ions  of 
Tables  1, 2). 

The overal l  effect  of dis infect ing the  seeds wi th  NaOC1 on u p t a k e  and  
incorpora t ion  of leucine into  p ro te in  depends  on how well  the  hypochlo-  
r i te  is washed  a w a y  before the  seeds are  i ncuba ted  in leucine. The  d a t a  
c lear ly  show t h a t  even  af te r  washing the  seeds up  to  8 t imes  wi th  w a t e r  
the re  was st i l l  enough NaOC1 on the  seeds to  a l t e r  u p t a k e  of the  amino  
ac id  and  i ts  incorpora t ion  into  p ro te in  (Table 1). Cont inuous washing for  
several  hours  under  running  water ,  a t r e a t m e n t  in jur ious  to  seeds of m a n y  



Hypoehlorite and Tissue Sterilization 375 

Table 2. Removal of NaOC1 from surface of toma~ seeds by continuous washing 
with aerated water for different time periods 

Sterilization or corre- 
sponding treatment 

1VIetabolism of [laC]leucine during subsequent 
incubation (dpm • 10-1/100 seed) 

NaOCI Washing IaC02 TGA- TCA- Total 
(5 min) time released insol, sol. uptake 

(min) 

Incorporated 
into protein 
(% of uptake) 

-- 0 32 276 2354 2630 10.5 
56 632 460 1144 1604 28.7 

- -  20 32 266 2 792 3 058 8.7 
8 602 504 2166 2 670 18.9 

- -  90 34 292 3 204 3 496 8.4 
-{- 1156 540 2804 3344 16.2 
-- 270 30 386 4690 5076 7.6 

188 566 3824 4390 12.9 

Table 3. Removal of I~aOCl from surface of seeds by washing in water or HC1 

Sterilization or 
corresponding 
treatment 

Metabolism of [14C]leueine during subsequent 
incubation (dpm/200 seeds) 

CO 2 TCA- TCA- Total Incorporated Ger- 
insol, sol. uptake into protein mina- 

(% of uptake) tion 
(%) 

HsO-->8 washes 310 906 3730 4636 19.6 

1% NaOC1 --~ 8 washes 97530 1766 3430 5196 34.0 

1% NaOC1 --> I-IC1 930 1270 4430 5700 22.7 
-+ 8 washes 

--seed, ~H20 80 . . . .  

--seed, ~Na0C1 91337 . . . .  

92 

94 

95 

species, did no t  completely el iminate  the  effects of NaOC1 either, as 
evident  from increased CO 2 product ion and  lowered uptake  of leueine 
(Table 2). On the  other hand,  soaking of NaOCl-treated seeds for 10 mi n  
in  0.01 N HC1, followed by  several washings with water, reduced decarb- 
oxyla t ion of leucine wi thout  affecting germinabi l i ty  (Table 3). 

We conclude t ha t  I~aOC1, when  used, mus t  be removed from the 
tissues completely with an  acid t r e a tmen t  before the  tissues are used in  
metabolic studies, such as those t h a t  call for the use of labeled amino 
acids. 
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